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Abstract 
This study investigated various zero emissions scenarios under A1T of IPCC-SRES (Intergovernmental Panel on 
Climate Change – Special Report of Emissions Scenarios) that allowed economic growth in particularly technological 
progress. We used our global modeling including a simplified climate model, whose supply costs of sectors in 
energies, materials, biomass and foods were minimized by linear programming from 2010 to 2150 in order to draw 
various zero emissions scenarios. In this study, we focused on various scenarios of CO2 zero emissions from the 
sectors and their climate change mitigations and their costs. Inclusion of Non CO2 greenhouse gases (NCGHG) can 
be chosen. We set following four scenarios. First one is Business As Usual (BAU) without any climate policy 
intervention. Second one is denoted as “350ppm zero”, whose emissions trajectories are zero in the latter half of this 
century, which can be achieved by giving cumulative emissions of WRE 350 (Wigley Richels Edmonds) from 2010 
to 2150 as emissions constraint. Caveating that this scenario add on the allowed WRE 350 emissions after 2010. 
Third one is denoted as “net zero”, whose cumulative emissions from 2010 to 2150 is zero. This does not mean keep 
the emissions level zero in the time horizon; allowing positive emissions in several decades while negative emissions 
achieved by large deployment of BECCS (biomass energy carbon capture and storage). Fourth one is keeping the 
emissions level after 2100 is zero emissions, which is denoted as “2100 zero”. We considered several patterns of 
carbon accounting for BECCS, such as carbon neutral, gross accounting, and net accounting. We also considered that 
two patterns of storage options for BECCS, one is only forest sink, the other one is allowing the captured CO2 into 
both the forest sink and geological storage. Following results when adding NCGHG emissions are obtained. Global 
mean temperature rise up to 2150 below 2 degree Celsius (DC) can be achieved in the “net zero” scenario, while 
“350ppm zero” scenario leached 2.3 DC. The “2010 zero” scenario leached 4 DC while BAU about 5 DC.  
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1. Introduction 
The objective of the United Nations Framework Convention on Climate Change (UNFCCC) is 
“stabilization of greenhouse gas (GHG) concentrations in the atmosphere at a level that would prevent 
dangerous anthropogenic interference with the climate system”. Although the specific interpretation of the 
Article 2 is considered difficult, a goal of limiting global warming to 2 degrees Celsius (DC) above the 
preindustrial level has been widely discussed. After the 2009 Copenhagen Conference, a goal of 1.5 DC 
has also appeared in official UN documents, and some delegations have suggested 1 DC.  
The IPCC-AR5 [1] stated that targeting a global mean temperature below 1.5 DC is so challenging that 
relatively few modelling studies have explored emissions scenarios leading to concentrations below 430 
ppm CO2eq (CO2 equivalent concentration including GHGs defined by the Kyoto protocol) by 2100; thus, 
such studies were not included in the AR5 database. However, such modeling studies are needed to assess 
these more stringent goals and to determine how such scenarios can be constructed. 
2. Outline of our analysis 
Our analysis investigate various possible zero emissions scenarios with A1T society of IPCC-SRES 
(Special Report on Emissions Scenarios) [2]. The A1T scenario, if it will be implemented, allows GDP of 
the world total at the end of the century larger than 500 trillion $ equivalent, while total population turns 
to decrease to 7 billion, resulting more than 70000 $ per capita GDP. This scenario allows sustainable 
development and economic growth in particularly developing countries. The global model includes 10 
regional areas or groups with a time horizon from 2010 to 2150 with a 10-year time step. Hence, the 
objective function of the overall model is expressed as the discounted sum of the supply costs of energy, 
minerals and materials, and biomass and food, with a discount rate of 2%/yr 
Conceptually consistent with SRES-A1T, our model incorporated various innovative energy-related 
technology options, such as advanced solar energy, improved biomass utilization for recycling combined 
with CCS, and advanced nuclear technologies, which could be substituted for fossil energy to meet the 
stringent climate target. Technological data, including from the Special Report on Renewable Energy 
Sources and Climate Change Mitigation (SRREN) [3], for maximum introduction of renewable energy 
was considered. 
In order to simulate various zero emissions scenarios, we set following four scenarios. First one is 
Business As Usual (BAU) without any emissions constraints. Second one is denoted as “350ppm zero”, 
whose emission trajectories are zero in the latter half of this century, which can be achieved by giving 
cumulative emissions of WRE 350 (Wigley Richels Edmonds) [4] from 2010 to 2150 as an emission 
constraint. Caveating that this scenario add on the allowed WRE 350 emissions from 2010. Third one is 
denoted as “net zero”, whose cumulative emission from 2010 to 2150 is zero. This does not mean keep the 
emissions level zero in the time horizon; allowing positive emissions in several decades while negative 
emissions achieved by large deployment of BECCS (biomass energy carbon capture and storage). Fourth 
one is keeping the emissions level after 2100 is zero, which is denoted as “2100 zero”. 
3. Results 
The carbon balance is quite different among the scenarios, which is shown in the Figure 1. The “net 
zero” shows typical negative emissions trajectory (red dotted line). The “350ppm zero” scenario (red solid 
line) indicates reaching zero emissions only in 2100, while the zero emissions can be attained in the latter 
half of this century excluding the NCGHG when carbon neutral accounting or net accounting are applied. 
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Red dashed line and blue line shows emissions in “2100 zero” and “BAU”, respectively. The bar graph 
shows emission, storage, and sequestration in the “net zero” scenario, respectively. 
Following results when NCGHG emissions are added in the scenarios. The global mean temperature 
rise about 2 degree Celsius (DC) in 2150 can be achieved in the “net zero” scenario, while “350ppm zero” 
scenario leached 2.3 DC. The “2100 zero” scenario leached 4 DC while BAU about 5 DC.  
The atmospheric CO2 equivalent concentration in the “net zero” scenario shows overshoot trajectory, 
increased up to some 600 ppmv in 2070 to decline at 400 ppmv till 2150. The concentration in “350ppm 
zero” scenario shows stabilized concentration path at 500 ppmv within the time horizon. The “2100 zero” 
scenario indicates same concentration path with BAU till 2100, however, its level decreased to 700 ppmv 
while BAU case reaches 1,100 ppmv. 
The radiative forcing in the “net zero” scenario also shows “peak and decline” profile, leaching 4 
W/m2 in 2070 to some 2.5 W/m2 in 2150. The “350ppm zero” scenario shows roughly stabilizing at 3.6 
W/m2 after 2050 to 2150. The level reached 8W/m2 in the BAU scenario while decline to some 5 W/m2 
in the “2100 zero” scenario. 
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Fig. 1. Carbon balance under various zero emissions scenarios 
4. Discussion 
The 2 DC target setting can be attainable under the radically stringent constraints of “net zero”, while 
the “350 ppm zero” scenario somewhat exceeding this. In both scenarios, allowed emissions level would 
be peaked in 2030 or 2040 to decline thereafter to zero or negative emissions. The “2100 zero” scenario 
that stabilizing 4 DC after 2100 is relatively close to level of 3.6 DC in the “New Policies Scenario” of the 
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“World Energy Outlook 2012 (WEO 2012) [5]”, while the BAU scenario reaching 5 DC is very close to 
the level of 5.3 DC in the “Current Policy Scenario” of WEO 2012. 
5. Conclusion 
This study investigates various zero emissions scenarios with three patterns of carbon accountings to 
address climate policy target settings by using our global modeling for resources of energy, minerals and 
materials, biomass and foods. We further discuss on energy systems transformations to reach the targets, 
especially roles of biomass with carbon capture and storage. Our findings have strong policy implications. 
The “net zero” emissions constraint is required to meet the 2DC, “350 ppm zero” scenario is insufficient 
when including NCGHG. However, even though “net zero” cannot attain 1.5 DC target, meaning 
something radical technologies are required to meet the target. On the contrary, if climate target of 4DC is 
taken, “2100 zero” scenario that allows us to emit GHGs without constraint till the end of this century to 
prepare zero emissions thereafter. 
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